Changes in cyclic adenosine 3':5'-monophosphate-dependent protein kinases during the progression of urethan-induced mouse lung tumors.
The cyclic adenosine 3':5'-monophosphate (cAMP)-dependent protein kinases in lung adenomas are functionally different from those of normal lung. The relevance of this change to neoplastic conversion was examined by comparing tumor kinases with those obtained from the normal cell of origin and by studying the kinases at different stages of tumor growth. Lung tumors were collected from A strain mice at different times after a single injection of urethan. These tumors are predominantly of alveolar type two cell origin, and cAMP-binding proteins in extracts from isolated type two cells and from lung adenomas at various stages of tumor progression were compared. Both the incorporation of the cAMP photoaffinity analogue, cyclic 8-azidoadenosine 3':5'-[32P]monophosphate (8-N3-[32P]cAMP), into the regulatory subunits of the type I (RI) and type II (RII) cAMP-dependent protein kinases and the autophosphorylation of RII were similar in extracts from whole normal lung and from type two cells. Altered protein kinases are thus not characteristic of normal type two cells. Lung tumors showed a decrease in photodetectable RII which correlated in degree with tumor size and extent of anaplasticity. This decreased RII photolabeling during tumor growth was associated with increased RII autophosphorylation. In contrast, decreased RII photolabeling in extracts from neonatal lung is accompanied by a substantial decrease in RII autophosphorylation. The characteristics of RII during normal development thus clearly differ from those during neoplastic development. An increase in the amount of an Mr 37,000 proteolytic fragment derived from R-subunits was also noted as a function of tumor progression. DEAE-cellulose chromatography of tumor cytosol showed that the increase in the amount of Mr 37,000 protein was accompanied by increased subunit dissociation of the type I isozyme. The dissociated RI subunit has been shown to be more sensitive to cleavage by a Ca2+-dependent neutral protease than when RI was in the holoenzyme form. This protease is present in both normal lung and lung adenomas, and its activity increases during the later stages of tumor progression. A comparison of cAMP binding and the light-induced covalent incorporation of 8-N3-[32P]cAMP showed that, for both RI and RII, photoincorporation was about 75% as efficient as noncovalent binding. In contrast, although the Mr 37,000 fragment can be photolabeled with low concentrations of 8-N3-[32P]cAMP, noncovalent cAMP binding to the endogenous Mr 37,000 fragment could not be demonstrated with a standard filtration assay. Such altered cAMP binding characteristics following Ca2+-dependent proteolysis of R-subunits would all